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Abstract 

The Solar Backscatter Ultraviolet Radiometer, Model 2 (SBUV/2) 
instruments, as part of their regular operation, deploy ground 
aluminum reflective diffusers to deflect solar irradiance into the 
Instrument's field -of -view. Previous SBUV Instrument diffusers have 
shown a tendency to degrade in their reflective efficiencies. This 
degradation win odd a trend to the ozone measurements if left 
uncorrected. An extensive in-flight calibration system was 
designed into the SBUV/2 instruments to effectively measure the 
degradation of the solar diffuser (Ball Aerospace Systems Division 
1981). Soon after launch, the NOAA-9 SBUV/2 calibration system 
was unable to frock the diffuser’s reflectivity changes due, in part, 
to design flaws (Frederick et al. 1 986). Subsequently, the NOAA- 1 1 
SBUV/2 calibration system was redesigned and an analysis of the 
first 2 years of data (Weiss et al. 1991) indicated the NOAA-1 1 
SBUV/2 onboard calibration system’s performance to be exceeding 
preflight expectations. This paper will describe the analysis of the 
first three years NOAA-1 1 SBUV/2 calibration system data. 


1. Production 

The Solar Backscatter Ultraviolet Radiometer, Model 2 (SBUV/2) 
launched on the NOAA- 1 1 weather satellite in September 1 988 is 
the latest In the SBUV family of satellite-borne radiometers using the 
solar backscatter technique for monitoring atmospheric ozone. 
The SBUV/2 instrument, based on the NIMBUS- 7 SBUV design (Heath 
et al. 1 975), is a scanning double monochromator which measures 
either the bockscattered atmospheric radiance or the incident 
solar Irradiance over the wavelength range 160 to 405 nm. The 
monochromator radiative input can be from either the nadir 
direction for direct atmospheric viewing or via a reflective diffuser 
plate of ground aluminum for solar irradiance measurements. The 
SBUV/2 can measure at twelve preselected discrete wavelengths 
over a 32 second period sequence or sweep through the entire 
spectral range in steps separated by approximately 0. 1 5 nm. The 
Integration time for each step Is 0.1 second with an entire sweep 
taking 1 92 seconds to complete. 

The onboard calibration system, used to measure changes in 
the solar diffuser’s relative reflectivity consists ol a mercury (Hg) 
lamp whose output can be directed into the SBUV/2’$ field-of-view 
directly or via the solar diffuser. The entire reflectivity measurement 
sequence consists of ten sweeps of the Hg lamp, mixing direct and 
diffuser views in succession. The relative diffuser reflectivity at a 


given Hg emission line Is calculated by taking the ratio of the 
integrated intensity observed off the solar diffuser (diffuser view) to 
the integrated intensity observed directly from the lamp (direct 
view). An average reflectivity is calculated from three successive 
diffuser/direct scan pairs at ten mercury emission lines (185.0, 
253.7, 265.3, 289.4, 296.8, 302.1 , 312.6, 334.2, 365.1, and 404.7 
nm). 



— DIRECT VIEW DIFFUSER VIEW 

Figure 1: NOAA-1 1 SBUV/2 Daily Average Mercury Lamp Intensity 
at 253.7 nm 


NOAA-9 SBUV/2 experienced lamp output deviations of 3% to 
4% during a single calibration sequence (Frederick et al. 1986). 
This apparent lamp output instability was caused, in part, by a 
sensitivity of the instrument to the non-uniform illumination of the 
instrument field-of-view (IFOV) by the calibration lamp. 
Consequently, the NOAA-1 1 SBUV/2 mercury lamp assembly was 
modified to Insure a uniform Illumination of the IFOV (Weiss et al. 
1991). 

2. NOAA-1 1 SBUV/2 Diffuser Relative Reflectivity 

One of the concerns about the performance of the calibration 
system is whether the mercury lamp would be an effective radiant 
source over the life of the mission. This means maintaining an 
acceptable signal to noise level at the calibration wavelengths. 
Time series plots of the NOAA- 11 SBUV/2 show the lamp output 
decreases as much as 40% at 253.7 nm (Figure 1) to 25% at 404.7 
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nm (Figure 2) over the first three years of operation An increase In 
the signal to noise occurred at four weaker mercury Ikies (265.3, 
289.4, 302.1, and 334.2 nm) because of the diminution of the 
lamp output. This increase in noise affected the usefulness of the 
relative reflectivity calculations at these wavelengths. At the 
present lamp output degradation rate of about 40% in three years, 
these four lines will not produce useful reflectivity measurements 
after two more years of operation. However, the signal level of 
reflectivity measurements at the six stronger mercury lines do not 
seem to be affected adversely. 



DIRECT VIEW DIFFUSER VIEW 

Figure 2: NOAA-1 1 SBUV/2 Daily Average Mercury Lamp Intensity 
at 404.7 nm 


Daily averages of the measured relative reflectivity were 
calculated for the NOAA-1 1 SBUV/2 diffuser from December 1988 
to December 1991. Measurements were taken approximately 
every seven days except during the first three months, when the 
calibration sequence was Initiated every four days. Figures 3 and 
4 display representative time series plots of doily average relative 
reflectivity measurements for two lines (253.7 nm and 404.7 nm, 
resp.). The linear decrease with time In the relative reflectivity is 
seen at aH wavelengths. The apparent difference in the 
magnitude of the decrease with wavelength varies from about 
0.5% per year at 400 nm to 1 .5% per year at 1 85 nm (Figure 5). 

An increase in the variability of the daily average reflectivity 
occurred for each mercury wavelengths shortward of 404.7 nm 
over a one year period (from January 1 989 to January 1 990). An 
erratic electro-mechanical malfunction In the grating positioning 
system caused small discrepancies in the sweep- to- sweep line 
intensities over a 1 0-sweep sequence. This problem has appeared 
only in the spectral sweep mode, from which the relative 
reflectivities are calculated. It has not appear in the discrete mode 
in which the operational ozone measurements are made. After 
February 1990, the malfunction progressed to the point of 
producing a constant sweep-to- sweep wavelength offset 
effectively stabilizing the mercury lamp measurements. The SBUV/2 
Instrument contractor, the Ball Aerospace Systems Group, has 
developed an adjustment to the grating system electronics which 
should reduce or eliminate this problem on subsequent SBUV/2 
calibration systems' operations. 
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Figure 3: NOAA-1 1 SBUV/2 Daily Average Relative Reflectivity at 
253.7 nm; Line is linear Fit; Large Deviations During the 
First Year Due to Grating System Problem 
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Figure 4: NOAA-1 1 SBUV/2 Daily Average Relative Reflectivity at 
404.7 nm; Line is Linear Fit 
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(similar to Figures 3 and 4). For total ozone wavelengths (> 300 
nm), the resultant yearly degradation rates (Figure 5) show 
changes on the order of 0.5% per year. If uncorrected, this could 
add a 0.15% trend to the total ozone (Cetxia et al., 1988 and 
Cebula and Bharfia 1989). However, at the shorter wavelengths 
used in determining atmospheric ozone profiles (< 300 nm). 
degradation rates increase from 0.5% to as much as 1.5% per 
year. Such a change would odd an approximate 3% per year 
trend In 1 millibar ozone if left uncorrected. 

Gu et al. (1992) applied the new self -calibration method 
developed for the NIMBUS-7 TOMS/SBUV instruments (Herman et al. 
1991) to the NOAA-1 1 SBUV/2 and calculated degradation rates 
consistent with these calibration system results. They concluded the 
calibration error for the derived total ozone over the first 2.5 years 
for NOAA-1 1 SBUV/2 operation was no more than 1 Dobson unit. 

3. Summary 


Diffuser degradation rates were calculated from linear 
regression analysis of the ten mercury lines reflectivity times series 
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The performance of the NOAA-1 1 SBUV/2 onboard calibration 
system over the first three years of operation has been within 




preflight expectations. The measured diffuser degradation rate is 
similar to that deduced for the NOAA-9 SBUV/2 (Frederick et al. 
1986). The rate is small for the wavelengths used for the total 
ozone measurements, adding only 1 Dobson unit error over 2.6 
years. The effective rates at the shorter wavelengths are larger 
and will be taken into account In the next reprocessing of the 
ozone products (W. Planet, privet communication). The SBUV/2 
lamp- based calibration systems are one of a few onboard 
calibration systems used for monitoring diffuser properties. Jaross 
et al (1992) has reported of the successful operation of a multiple 
diffuser system used to monitor diffuser properties on the Meteor- 
3/TOMS satellite. 



H^jre 5: NOAA-1 1 SBUV/2 Diffuser Reflectivity Degradation Rates 
Derived from 3 Year Regression Analysis of Daily 
Averages 


Gu, X., C. Wellemeyer, R.D. McPeters, “A New Version of a Self- 
Validation Method and Its application to the SBUV/2 NOAA-1 1 
Backscattered Ultraviolet Data*. EOS Trans. American 
Geophysical Union. Vol. 73, No. 14, pp.69, April 1992 

Fredericks. E., R.P. Cebula, and D.F. Heath, “Instrument 
Characterization for the Detection of Long-term Changes in 
Stratospheric Ozone: An Analysis of the SBUV/2 Radiometer", 
Journal of Atmospheric and Oceanic Technology, Vol. 3, pp. 
472-480, September 1986 

Heath, D.F., A.J. Krueger, H.A, Roeder, and B.D. Henderson, "The 
Solar Backscatter Ultraviolet and Total Ozone Mapping 
Spectrometer (SBUV/TOMS) for NIMBUS G“, Optical Engineering. 
Vol. 14, No. 4, pp.323-331 , July/August, 1975 

Herman, J.R., R. Hudson, R. McPeters, R. Stolarski, Z. Ahmad, X.-Y. 
Gu, S. Taylor, and C. Wellemeyer, “A New Self -Calibration 
Method Applied to TOMS/SBUV Backscattered Ultraviolet Data 
to Determine Long Term Global Ozone Change 1 , Journal of 
Geophysical Research. Vol. 96, No.D4, pp.7531-7545, April 
1991 

Jaross, G., Z. Ahmad, R.P. Cebula, and A. Krueger, "Post Launch 
Performance of the Meteor-3/TOMS Instrument", these 
proceedings, 1992. 

Weiss, H., R.P. Cebula, K. Laamann, R.D. Hudson, “Evaluation of the 
NOAA-11 Solar Backscatter Ultraviolet Radiometer, Mod 2 
(SBUV/2): inflight calibration', SPIE Calibration of Passive 
Remote Observing Optical and Microwave Instrumentation. 
Vol. 1493, pp. 80-90, 1991 


4. ACKNOWLEDGMENTS 

The authors would like to thank W. Nelson, A. Fegley, and K. Kelly 
of the Systems Group at Ball Aerospace in Boulder, Colorado and 
W. Planet, J. Leinesch, and D. Bowman at the Physics branch of 
NOAA/NESDIS in Suitland, Maryland. This research was done under 
contract to the Laboratory for Atmospheres at the NASA/Goddard 
Space Flight Center under NASA contracts number NAS5-34286 
and NAS5-31380. 


5. REFERENCES 

Ball Aerospace Systems Division, SBUV/2 Technical Description 
(Design Definition Phase). Document No. B6802-10, Rev. B, 
1981 

Cebula, R.P., H. Park, and D.F. Heath, 'Characterization of the 
Nimbus-7 SBUV Radiometer for the Long-Term Monitoring of 
Stratospheric Ozone', Journo! of Atmospheric and Oceanic 
Technology. Vol. 5, pp. 215-227, April 1988 

Cebula, R.P. and P.K. Bhartta, 'On the Calibration of the Solar 
Backscatter Ultraviolet (SBUV) Instruments for Long-term Ozone 
Monitoring', Advances In Remote Sensing Retrieval Methods, 
pp. 79-88, A. Deepak, H.E. Fleming, and J.S. Theon (Eds ), A. 
Deepak Publishing, Hampton, Va., 1989 


933 




